ABSTRACT We determined the susceptibility of the Colorado potato beetle, Leptinotarsa decem/ineata (Say) (1967) illustrated how differences among host plant species can affect the suitability of herbivorous insects to vertebrate predators. In contrast, little is known of the role of the host plant on the susceptibility of phytophagous insects to entomopathogens.
Herbivorous insects have a complex relationship with their host plants. Spatial and temporal variation within and among host plants may profoundly affect herbivore survival, growth, reproduction, and dispersal (Denno and McClure ] (1967) illustrated how differences among host plant species can affect the suitability of herbivorous insects to vertebrate predators. In contrast, little is known of the role of the host plant on the susceptibility of phytophagous insects to entomopathogens.
The host range of the Colorado potato beetle, Leptino/arsa decemlineata (Say) , is relatively narrow. Only a few of the estimated 1,700 Solanum species perrnit L. decemlineata survival and growth, and even these vary greatly in suitability (Hsiao 1974) . In Connecticut, L. decemlineata, commonly found on the cultivated potato, Solanum tuherosum L., upon which devastating populations may develop (Hare] 980), is also an occasional pest of tomato, Lycopersicum esculentum Miller, and eggplant, Solanum melon gena L., and is also found on two wild hosts, Solanum dulcamara L., and Solanum carolinense L.
In most laboratory studies, L. decemlineata survives and grows best on S. tuberosum and S. dulcamara. Solanum carolinense is less suitable, and L. esculentum is often the least suitable of the four species considered hcre (Bongers 1970, Latheef and Harcourt 1972, Hsiao 1978) . Different L. decemlineata populations may vary genetically in their ability to utilize a particular host species (Hsiao 1978 (Hsiao , 1981 , however, and the suitability of particular host plant species may declinc as plants mature (Sinden et a!. 1978 , Hare 1983 .
Beauveria hassiana (Ba] samo) occurs naturally in L. decemlineata populations. The entomopathogen may in-'Receivedforpublication 6 June 1983; accepted16 August1983. feet larvae, pupae, or adults, and infection may occur after germination of spores either in the host's gut or on the surface of the host's cuticle. Susceptibility of larvae declines with increasing instar, although early-instar larvae may be able to suppress or overcome the infection by throwing out the infccted integument at ecdysis bcfore fungal hyphae reach the hemocoel (Fargues 1972 , Fargues and Vey 1974 , Vey and Fargues 1977 . In conjunction with its possible role in biological control for L. decemlineata (Roberts et a!. 1981) , the dosage-mortality relationships of different B. hassiana strains have been determined. For example, the LC50 by ingestion to Ist-instar L. decemlineata of a European strain formulated for commercial application has been reported to be 28.8 ± 13.9 conidia per mm' of foliage ingested, or ca. 9.5 (± 4.5) x 10' conidia per larva, based on a mean consumption of 330 mm' per larva (Ignoffo et al. ] 
983).
To determine if different host plant species influenced the susceptibility of L. decemlineata to B. bassiana we: (I) monitored the prevalence of B. bassiana in L. decemlineata larvae collected from four host plant species grown under uniform field conditions, (2) determined the susceptibility of L. decemlineata reared on the same host plant species in the greenhouse to measured doses of B. bassiana in the laboratory, and (3) determined if L. decemlineata larvae reared on any of the host plant species varied in susceptibility with host plant age.
Materials and Methods

Field Observations
All field collections were taken from pesticide-free plants in a permanent plot of L. decemlineata host plant species at the Lockwood Farm, Mt. Carmel, Conn" operated by The Connecticut Agricultural Experiment Station. All host species were grown under uniform conditions. A full description of this host plant plot has been given in Hare (1983) . Briefly, five individual blocks (12 plants per block) of up to four host plant species were arranged in a Latin square design in a uniform plot. Individual blocks were isolated by a buffer of bare soil.
]891 In the first year (1980), the natural prevalence of B. bassiana was determined from the survivors of experiments designed to determine the suitability of S. dulcamara and S. tuberosum (cv. 'Katahdin') for L. decemlineata larval survival and growth under field COnditions (Hare 1983) . Groups of 10 to 20 neonatal larvae from a laboratory colony were placed on five plants of each host species at weekly intervals between 5 June and 18 August; survival and growth were monitored daily. Surviving 4th instars that were within 24 to 48 h of ceasing feeding were collected from the plant and placed in feeding chambers constructed from 500-ml unwaxed paper containers with transparent lids. Each chamber contained host plant foliage, replaced daily, in water reservoirs, and a layer of moist, sterile vermiculite into which prepupae could burrow. Chambers with larvae (maximum of 15 larvae per chamber), were brought back to the growth room (24°C, 40 to 60% relative humidity (RH), 16-h photoperiod) for the duration of larval and pupal development. Prepupae were collected daily from the vermiculite and transferred to individual sterile plastic containers also containing vermiculite, where the post-feeding development of prepupae was monitored. The number of prepupae and pupae that were killed by B. bassiana (as shown by presence of the fungus on the cadaver) was recorded, and prevalence of B. bassiana was calculated as the percentage of the initial number of larvae collected.
After 1980, the host plant plot was naturally infested by the L. decemlineata population at Lockwood Farm. Larvae were collected weekly (up to 75 mature larvae per host species) and were brought back to the growth room and maintained as in 1980. Collections were also made from S. carolinense starting in 1981 and from L. esculentum (cv. 'Rutgers') in 1.982, after these other host plant species were added to the host plant plot.
Data from weekly collections each year were pooled within the activity periods of first (ca. I June to 21 July) or second (ca. 28 July to I September) larval generation (Hare 1983 ). Data were analyzed by two-way (host plant species x prevalence) tests of association (G test [Sokal and Rohlf 1969] ) within each generation and also when pooled for the whole season. Rejection of the null hypothesis would imply that the prevalence of B. bassiana in L. decemlineata was not independent of the host plant species upon which the larvae were reared. Data were also analyzed by Student's t tests for the difference between percentages to determine if the prevalence of B. bassiana differed significantly between larvae collected from the same host species between the first and second larval generations.
Laboratory Experiments
Seeds of S. dulcamara, S. carolinense, and L. esculentum were planted in the greenhouse on ]9 April 1982, then transplanted to 25-cm pots filled with Pro-Mix on I June. Seed pieces of S. tuberosum were planted directly in 25-cm pots filled with Pro Mix. All plants were fertilized on I June with 15 g of a slow-release fertilizer (Osmocote 14-14-14). Plants were sufficiently isolated to prohibit larval movement between host species.
On 14 June, first-generation L. decemlineata egg masses were collected from S. tuberosum plants at Lockwood, brought to the growth room, and allowed to hatch. Up to 300 neonatal larvae were placed on each host plant species. On I July, newly molted 4th instars were collected from each host plant species, starved for 6 h, and then individually placed in a 30-ml plastic cup containing a B. bassiana-treated or untreated leaf disc cut from one of the four host plant species. Leaf discs (7 mm in diameter) were infiltrated with distilled water to prevent desiccation; then 5 1 .. 1.1 of a suspension of an experimental wettable powder formulation of B. bassiana (ABG 6112, Abbott Laboratories, N. Chicago, Ill.) containing 2.7 x 10 2 , 2.7 X 10\ or 2.7 X 1()4 conidia per ml (equivalent to 1.35, 13.5, or 135 conidia per larva, respectively) was applied to the upper surface of each disc. Control discs were treated with distilled water only. After entirely consuming the treated disc, larvae were placed in feeding chambers and maintained as described above. The experiment was repeated on 13 August, using larvae hatched from eggs collected on 2S July. However, in place of the 2.7 X 10 2 dose, we used 2.7 x 10' conidia per ml (\ ,350 conidia per larva) because the low dose did not cause any significant mortality in the first experiment. The number of pre pupal and pupal deaths expected due only to host-related factors, calculated from the proportion of deaths in the uninoculated "contro'" group, was subtracted from the total number of observed deaths in each treatment to obtain the number of deaths attributed to B. bassiana. Although this procedure probably conservatively estimated the mortality due to B. bassiana, it also reduced the total sample size for statistical analysis.
Three-way (host plant species X dose X mortality) tests of association (G tests) were performed on the corrected mortality. Rejection of the null hypothesis implies that the expected mortality due to B. bassiana cannot be predicted without specifying both the B. bassiana dose and the host plant species upon which the larvae were reared.
Mean (± SE) fresh weights of adults in the "control" treatments for each host plant species were obtained as an independent measure of host plant suitability for L. decemlineata growth.
Results
Field Observations
A significantly greater proportion of prepupae from larvae reared on S. dulcamara died before adult emergence than did those reared on S. tuberosum in 1980 (Table I ). The prevalence of B. bassiana was also higher in second-generation larvae than first-generation larvae reared on both hosts (t = 2.76, P ::;:; 0.01 for" S. tuberosum, and t = 4.62, P ::;:; 0.001 for S. dulcamara).
A similar difference in the prevalence of B. bassiana between S. dulcamara-reared and S. tuberosum-reared prepupae occurred in 1981, although the overall prevalence of the pathogen was higher than in 1980 (Table  1 ). The prevalence of B. bassiana was more than twice as high in S. dulcamara-reared prepupae than in S. tuberosum-reared prepupae in each generation, although in contrast to 1980, prevalence was significantly lower in prepupae reared on both host species in the second generation (t = 3.88, P ::;:; 0.001 for S. dulcamara and t = 2.64, P~0.01 for S. tuberosum). The prevalence of B. bassiana in S. carolinense-reared prepupae did not differ significantly from that of S. tuberosum-reared prepupae and did not differ significantly between first-and second-generation prepupae (t = 0.27, P > 0.50).
The most dramatic observation in the 1982 collection was the significantly lower prevalence of B. bassiana in L. esculentum-reared prepupae, although the number of larvae produced by this host plant species was substantially lower than for the other three host plant species (Table I ). The pattern of differences in B. bassiana prevalence is consistent with previous observations, in that B. bassiana was more prevalent in prepupae reared on the two wild hosts than in pre pupae reared on S.
tuberosum. There were no significant differences in B. bassiana prevalence between the first and second generations of prepupae reared on any of the host plant species.
In summary, B. bassiana was consistently more prevalent in prepupae from larvae reared on S. dulcamara than from those reared on S. luberosum (18.0% vs. 8.7%, 3 years pooled), and for the 2 years when prepupae were also collected from S. carolinense, B. bassiana was most prevalent in larvae collected from S. dulcamara (21.2%), followed by larvae collected from S. carolinense (13.0%) and from S. tuberosum (10.0%). Data pooled over years were not analyzed statistically because larvae could not be collected from all host species each year and because of the wide variation in the overall prevalence of B. bassiana among years.
Laboratory Experiments
Mortality attributed to B. bassiana was significantly associated (P ::;:; 0.001) with host plant species when larvae were reared on plants in the greenhouse in June (Table 2 ). In general, prepupae from larvae feeding on L. esculentum were the least susceptible, followed by those reared on S. dulcamara, S. tuberosum, and S. carolinense. Mortality increased with increasing B. bassiana dosage for larvae reared on all host species except S. tuberosum. Prepupae from larvae reared on S. tuberosum appeared to be less susceptible when exposed to a dose of 135 conidia per larva than when exposed to lower doses. Possibly, these doses were all too low to obtain a strong dosage-mortality response for larvae reared on S. ruberosum (see also Ignoffo et aI.l983).
The unexpected responses of larvae reared on S. tuberosum, however, do not affect our general conclusion that the mortality of a measured dose of B. bassiana conidia cannot be predicted without knowing the host plant species upon which larvae were reared. The significant host x dose x mortality association remained even after deleting the S. tuberosum-reared larvae from the analysis (G = 43.733, df = 12, P~0.001).
Mortality attributed to B, bassiana was also significantly (P~0.001) associated with host plant species when larvae were reared on plants in the greenhouse in August (Table 3) . Intrinsic host-related mortality, however, also differed significantly among host plant species (G = 14.194, df = 3, P~0.01). Host-related mortality was lowest for prepupae from larvae reared on L. esculenrum (1 I. I%) and highest for those reared on S.
carolinellse (64.3%). Prepupae from larvae reared on S. dulcamara and L. esculentum were the least susceptible to B. bassiana, followed by those reared on S. tuberosum and on S. carolinense. Mortality due to B, bassiana increased with increasing doses of the pathogen for larvae reared on all host plant species.
Adult fresh weights of uninoculated controls differed significantly when reared on different host species when both greenhouse experiments were pooled (F3.81= 3.25, p .;; 0.05, two-factor [experiment x host species] analysis of variance [ANOVA). S. dulcamara was consistently the most suitable host for L. decemlineata growth, and S. carolinense was consistently the least suitable.
Adult weight also varied significantly in general between experiments (F1.83 = 24.69, P .;; 0.001, twofactor ANOV A), and all host species were less suitable for insect growth in August (Tables 2 and 3 ). The reduction in adult weight was greatest for insects reared on L. esculentum (30%) and least for insects reared on
S. carolinense (14%).
Only larvae reared on L. esculentum were significantly more susceptible to B. bassiana when reared in August than June (Student's t test for the difference between two percentages = 2.16 for the dose of 13.5 conidia per larva, and t = 2.08 for the dose of 135 conidia per larvae, P .;; 0.05 in both cases). Larvae reared on S. tuberosum and exposed to 135 conidia per larva in August were significantly more susceptible than those reared on S. tuberosum in June, but this was probably due to the unexpectedly low mortality at this dosage in the first experiment. Larvae reared on S. tuberosum and exposed to 13.5 conidia per larva did not differ in susceptibility between experiments, nor did larvae reared on S. dulcamara or S. carolinense at either dosage.
Discussion
L. decemlineata larvae reared on different host plant species in the field differed in their susceptibility to natural B. bassiana infection. These host plant species themselves vary in suitability for L. decemlineata survival in the field. For example, in weekly experiments, survival of L. decemlineata on S. dulcamara averaged only 62.4% of that on S. tuberosum (Hare 1983) . In similar studies, larval survival on S. carolinense and L. esculentum was only 36.2 and 32.3% that of survival on S. tuberosum, respectively. (Hare, unpublished data).
There were no consistent differences in the incidence of B. bassiana between first-and second-generation larvae over the three seasons studied. Thus, with the noted exception of larvae reared on L. esculentum, larvae were more susceptible to B, bassiana when reared on their less suitable host species.
L. decemlineata larvae reared on the same host plant species in the greenhouse also varied in susceptibility to measured doses of B. bassiana conidia administered in the laboratory. The results of the laboratory experiments did not fully agree with the field observations, in that larvae reared on S. tuberosum in the greenhouse were more susceptible to B, bassiana than larvae reared on S. dulcamara, rather than less, as in the field.
Perhaps coincidentally, potted S. tuberosum plants in the greenhouse were also less suitable for L. decemlineata growth than field-grown plants. Over the past three seasons (1980 through 1982) , the mean fresh weight of L. decemlineata adults experimentally reared on S. tuberosum in the field (e.g., Hare 1983) was 2 and 20% greater than for adults reared on S. tuberosum in the greenhouse in June and August, 1982, respectively. In contrast, adults reared on field-grown S. dulcamara were 10 and 2% lighter, respectively, than when reared on S. dulcamara in the greenhouse. Reduction in the suitability of S. tuberosum when grown in the greenhouse for L. decemlilleata survival and growth has been noted often and occasionally interferes with rearing L. decemlineaw in continuous laboratory culture (Termier and Audic 1982) . This potential problem might have been avoided, either by collecting larvae for laboratory experiments from field-grown plants or by using younger plants, replaced frequently, to rear larvae in the greenhouse. We rejected these alternative procedures, however, because the former might have introduced the problem of contamination of larvae with B. bassiana in the field before experimental inoculation, and the latter would not permit us to examine the effects of host plant seasonal variation on L. decemlineata's susceptibility to B. bassiana.
As In conclusion, we have shown that, in addition to the many factors previously known to affect susceptibility of insects to pathogens, e.g., insect age or developmental stage, method of exposure, genetic differences in susceptibility among insect populations, or virulence among strains of the pathogen (Briese 1981) , variation among host plant species may also modify the susceptibility of herbivorous insects to entomopathogenic fungi. As Price et al. (1980) have pointed out, neither plantherbivore nor herbiv ore-parasitoid associates can be understood without considering all trophic levels. We show this assertion also to apply to the host plant species of L. decemLineata and its pathogen, B. bassiana. Research on other associations will show if the assertion by Price et al. applies to plant-herbivore-pathogen associations in general.
